Natural riverine areas mark ecotonal habitats harbouring a characteristically diverse faunal assemblage, especially birds that also use these habitats as pathways crucial for their movement. Increasingly, riverine systems are subjected to large-scale habitat alterations due to climatic fluctuations and anthropogenic changes. Therefore, it is important to understand broad-scale community patterns for conservation planning and prioritisation for these ecotone habitats. The Bhagirathi river is one of the major headwaters of the river Ganges; despite its rich and diverse fauna, little is known about the bird species that inhabit this montane region. This study presents an extensive list of 281 bird species from 59 families, their seasonal distribution and habitat associations as recorded from field surveys along the riverine areas between April 2013 and May 2018. The present communication simultaneously discusses a few noteworthy sightings for the region and provides a baseline for future research on the distribution of birds in the Western Himalaya.
Introduction
Natural riverine areas encompass interfaces between land-aquatic systems with sharp environmental gradients representing the most diverse, dynamic and complex biophysical habitats on earth (Naiman et al. 1993) . Although riparian corridors are well known for their high levels of biodiversity, the values have seldom been quantified. While riparian zones typically are a small component of the landscape, they provide an essential habitat for many species of birds (Knopf 1985 , Stauffer and Best 1980 , Stevens et al. 1977 . Riverine systems, being prone to large-scale habitat alterations due to natural and climatic fluctuations, call for devising potential indicators for monitoring ecosystem health. Birds are conspicuous, operate at multiple scales and often occupy apex positions in food webs. Thus, they suffice as potential candidates for long-term monitoring purposes, especially through popular citizen-science programmes. Riparian ecotones often support an avian community that is more diverse and with a higher abundance than the surrounding uplands (Gates and Giffen 1991, Stauffer and Best 1980) . Riverine forests also support high densities and diversities of migratory birds providing pathways and edge cover during migration (Gergel et al. 2002 , Naiman et al. 1993 . In addition, species may use riparian areas differentially throughout the season (Rice and Anderson 1980); hence, habitat associations of different species need to be monitored across seasons to thoroughly appraise riparian zones for conservation.
The Himalayan mountain system is globally renowned for its notable biological diversity, supported by the complex orogeny and consequent climatic and edaphic conditions. The avifauna of the Western Himalaya, an Endemic Bird Area (Jathar and Rahmani 2006) , has attracted a number of ornithologists and naturalists over the years. Birds inhabiting this region show a large variety of distributional patterns with some species being restricted to narrow elevational bands while others are relatively broadly distributed. Amongst these, a large number undertake short migration from higher elevation breeding grounds to warmer lower elevations for wintering (Grimmett et al. 2013) . Thus, the avifaunal assemblage of any particular location remains dynamic.
Habitat alteration remains a major threat to montane ecosystems around the world, the phenomenon being pronounced in the Himalaya. Parallel to being biodiverse, freshwater systems are abode to millions of human population, the Ganges being the most densely populated river basin of the world (Immerzeel et al. 2010) . Distortion of land and water due to developmental projects and increasing agricultural pressure is well documented in this region (Grumbine and Pandit 2013, Manel et al. 2000) and warrant a dire need to document the floral and faunal diversity of natural versus modified landscapes. Misapprehending the risks involved in land-use decisions, including the construction of hydroelectric dams in the Indian Himalaya (Bandyopadhyay 1995) , can lead to large scale negligence towards biodiversity conservation strategies. Biodiversity loss has multiple causes, but habitat destruction via land-use change has remained a predominant driver (Butchart et al. 2010 , Sala et al. 2000 .
In this study, we inventoried the avifauna of the Bhagirathi Valley in the Western Himalayan Region, India. There exists no previous published literature concerning avifauna for this region. We documented bird species occurring in the region during pre-and post-monsoon seasons along with reporting of some opportunistic records. We have discussed the habitat associations of the recorded bird species along with their seasonal distribution in the river basin. We also report some noteworthy sightings which are new to this region and the state. This is the first published multi-year study of distribution patterns of birds from the Bhagirathi valley, Uttarakhand, India.
Material and methods
The Himalaya encompasses the highest mountains in the world; snow and glacier melt run-off being the major source of water for the Himalayan rivers. Biogeographically, this enormous mountain range has been divided into Northwestern-, Western-, Central-, Eastern-and Trans-Himalayan regions (Rodgers and Panwar 1988) . This study was conducted along the river Bhagirathi, one of the major headstreams of the Upper Ganges in the state of Uttarakhand in the Western Indian Himalaya. Field surveys were undertaken along a 217 km river stretch, between an elevational gradient of 330 m asl (30.11775°N, 78.30722°E) in Rishikesh and 3, 200 m asl (30.99419°N, 78.94388°E) in Gangotri (Fig. 1) . Map of the Bhagirathi basin, in the state of Uttarakhand, India showing the Bhagirathi river, important tributaries and major towns along the river The catchment has mean summer temperatures of 1.3°C-39.6°C and winter temperatures of -27.4 to 7.6°C, while annual precipitation ranges from 533-2,284 mm. Given the large altitudinal relief, the study area is characterised by diverse biomes. The river flows through deep gorges and narrow valleys and is lined by different land-uses ranging from agriculture to urban sprawls. The development of Tehri dam, Koteshwar hydropower plant and KotliBhel hydropower project (under development in Bhagirathi basin) has led to the diversion of approximately 68 km (31%) of the river Bhagirathi; around 85 km (39%) of the riverine buffer zone has been submerged to a width of 1 km (Rajvanshi et al. 2012) . Along forested areas, the major tree species in riverine areas include conifers in the higher elevations (above 2300 m asl), A pilot survey was conducted in the study area to understand the different habitat types present and the utilisation of those habitat types by various bird species. For every sighting, the habitat use by individual birds was noted and behaviour was classified as feeding, roosting or nesting. Bird checklists were meticulously maintained in all the accessible areas along the river around Rishikesh (300 m asl), Devprayag (700 m asl), New Tehri (2,100 m asl), Uttarkashi (1,300 m asl), Harsil (2,500 m asl) and Gangotri (3,200 m asl). Exhaustive bird lists were made during pre-monsoon (February-June) and postmonsoon (September-January) seasons at each of these locations between April 2013 and May 2018. A total of 72 trails of 500 m length each were walked at different times of the year by a single observer every time. Out of these, 41 were permanent which were sampled thrice every season for all the years. Apart from these, opportunistic sightings were also noted. Both vocalisations and direct sightings were used for bird identification. Photographs were taken on all possible occasions for future reference and especially for rare species previously unrecorded from this region. The identification of birds was based on standard literature (Grimmett et al. 2013 ) and the names were listed following (Praveen et al. 2018) . To understand broad patterns of habitat use by different bird species, birds were classified into three major functional categories; (A) riverine: habitat especially or generally near water, (B) riparian: riparian or water mentioned in habitat accounts and (C) terrestrial: woodlands, grasslands or no mention of water in habitat accounts, based on field observations and literature collated from Ali and Ripley (1968) .
Results
A diverse population of birds belonging to 64 families were identified in the riverine areas along the Bhagirathi river (upper Ganges) at different elevations during the survey period. A total of 280 bird species were encountered during the survey period which constitutes almost 40% of the total number of species (693) reported from the state of Uttarakhand (Mohan and Sondhi 2015) . Muscicapidae (30 species) followed by Accipitridae (18 species) were the most dominant families in the study area. Other families with significant representation were Fringillidae (13 species), Picidae (13 species), Corvidae (11 species) and Turdidae (10 species). Species from upland forests add to the species diversity in the riparian corridor (Fig. 2) , especially insectivores reflected in the large representation from the Muscicapa, Turdidae and Leothricidae families (Suppl. material 1Table 1). Over 30 bird species, that are solely dependent on the river or use it opportunistically, were recorded during this survey period (Fig. 2) . The maximum number of species recorded were terrestrial, with no mention of water in habitat accounts (Fig. 2) . Bird species richness varied greatly with elevation and across seasons. Maximum number of species (n=178) were recorded in mid-elevation sites in and around Uttarkashi and the least (n=41) were recorded in high elevation sites around Gangotri (Fig. 3) . Species richness was consistently higher in the lowest elevations (Fig. 3) , although some species, residing around the elevations between 300 to 700 m asl, were not hill birds, such as the Jungle Babbler, Indian Peafowl, Red-vented Bulbul, Spotted Dove and Brown-headed Barbet (Table 1 ). Although few species were recorded at high elevations in winter, species richness was high around Harsil (at 2,500 m asl) in summer. In winter, species richness decreased sharply with elevation (Fig. 3) . Microhabitat guilds of the birds recorded during the survey period in the Bhagirathi basin; A: Especially or generally near water; B: Riparian or water mentioned in habitat counts; C: Woodlands, grasslands, no mention of water in habitat accounts.
There was a large amount of seasonal turnover at each location, demonstrating substantial elevational migration undertaken by a large fraction of the avian community (Fig. 3) . Lower elevations (Rishikesh and Devprayag) showed more species in winter, where a number of species used/preferred these habitats as wintering grounds to escape the harsh winters. This pattern is common and has been observed in previous studies in Western Himalayas with mid-and high-elevation habitats experiencing high species turnover between winters and summers (Somveille et al. 2013 ).
Ornithologically noteworthy sightings from the region are discussed below.
Ibisbill ( Fig. 4d ): During our study period, Ibisbill was recorded at multiple incidents around Harsil and Dharali at an elevation of 2,500 m asl. Adults, sub-adults and chicks were seen on multiple occasions. Adults were recorded year-round feeding from shingle beds near Bagori village and Dharali in the Harsil valley. Breeding grounds of Ibisbill were documented in Harsil and our records qualify this population as resident (Sinha et al. 2015) . Insights on the ecology and population status of this elusive riverine obligate bird species holds potential for study.
Cheer Pheasant (Fig. 4c) : Apart from nine other members of the Phasianidae family (Table  1 ,Suppl. material 1), the endangered Cheer Pheasant (Endangered, IUCN Red List) was recorded at two sites. On one occasion, a pair (male and female) was seen during low light period of early morning hours (near Gangani, Uttarkashi district) at an elevation of 2,200 m asl on 11 November 2017. The birds were spotted on the highway basking in the sun, the habitat being dominated by tall grass, dense bushes and oak (Quercus leucotrichophora) -rhododendron (Rhododendron arboreum) forests. The birds were very shy and flew off Total bird species richness and turnover across seasons at different elevations (m asl) sampled along the river Bhagirathi. Mid-elevations around Uttarkashi showed maximum species richness and showed least species turnover. Lower elevations around Rishikesh and Devprayag (300-700 m asl) showed moderate species richness and high species turnover. Very high elevation around Gangotri showed less species richness.
immediately. On another occasion, a single individual was photo-captured in a pine forest near Devprayag (850 m asl). The bird, being a habitat specialist, requires open, early successional habitats in the Himalaya. The bird remains in few small refuges with its habitat being heavily disturbed (Garson et al. 1992 ). Demoiselle Crane ( Fig. 4a ): A single bird was seen in Harsil in late May 2014 at around 5:00 p.m. The bird was feeding voraciously by pecking on insects from the river bed while walking for small stretches intermittently. It continued feeding till light faded. It was seen in this locality for two consecutive days though there were no further sightings. This individual might be a vagrant which used this site as a stopover during the long migration back to the Mongolian highlands. The species is a new record at this altitude (2,500 m asl) for the state of Uttarakhand.
Northern Shoveller: A single bird was seen in early March 2018 in Dharali (near Harsil at 2,600 m asl), often roosting along vegetated banks of the main river channel in a pool-like stretch where flow was not fast. Groups of two to three birds were seen in the backwaters of the Maneri dam in winters of 2013, 2014 and 2017.
Northern Goshawk (Fig. 5b) : A single bird was seen on 9 November 2017 in Harsil chasing a Green-backed Tit in broad daylight hours around 10:30 a.m. along a small stream. It manoeuvred efficiently, confirming its tactics of surprise hunting by flying swiftly amidst houses, shrubs and tall trees. The species is known to prefer well vegetated broadleaf and coniferous forests at high elevations almost up to treeline in the Himalaya (Ali and Ripley 1968) . Habitat accounts often mention vicinity to stream and riverine areas.
Golden Bush Robin ( Fig. 5f ): A single bird was seen in winter and a pair (male and female) in spring in thickets, with dense undergrowth and scattered Rhododendron arboreum in Uttarkashi (1,300 m asl). They breed in alpine Rhododenron shrubs and winter to lower elevations.
Desert Wheatear (Fig. 5a ): A pair of females was spotted on sandy river beds in Harsil on 12 April 2018. This eastern sub-species is known to breed in large parts of central Asia and winters further south. This record is unusual as both the individuals were seen in breeding plumage and there are no previous breeding or wintering records of this species from this area.
Wallcreeper ( Fig. 5e ): Seen at multiple locations around Rishikesh, Devprayag and Uttarkashi on river beds in winter. Birds fed at riverine stretches with gorges, vertical cliffs, especially near streams or small cascades, earthen walls, concrete walls, buildings and archaeological ruins and boulders in river beds.
Large-billed Leaf Warbler: The species was recorded breeding in summer in Harsil. It occupied coniferous forests, almost invariably in the vicinity of torrential streams. They were usually seen foraging from top canopy, but often in the middle canopy of very tall deodars. Birds were frequently sighted singly or in pairs along the stream under overhanging bank with tangled roots of fallen trees often overlooking a stream.
Black-throated Sunbird: A single male bird was seen in Uttarkashi, Maneri, around an elevation of 1,300 m asl amidst human settlement with plantations. Bird was seen voraciously feeding from blooms of Callistemon (bottle-brush) with frequent trills on an overcast day (21 March 2018). Reported sporadically from Uttarakhand, this is probably the western-most distribution record for this species.
Red-headed Bullfinch (Fig. 4b) : A flock of six birds were seen on multiple days in February 2014 in Dharali (Harsil) at an elevation of 2,600 m asl. The birds were feeding from dry branches on a snowy day. Another sighting was in spring, 23 March 2013, around Gangnani (2,200 m asl) in oak-rhododendron forest, also feeding on grasses along roads. They were sighted in small groups of 4-5 individuals in winter around Uttarkashi (1,300 m asl) feeding from leaf buds and berries and seeds of Urtcica dioica. Spot-winged Grosbeak (Mycerobas melanoxanthos) (Fig. 5d ): Seen in huge flocks (10-13 individuals, male-dominated in numbers) around Maneri (1,400 m asl) in winter and spring months. Very vocal during feeding and flying, the flock feeds on one tree at a time .
Crested Bunting (Melophus lathami): A pair of birds were seen foraging along charred grassy patches near a perennial stream (joining the main river) along a stony path used by villagers, in Devprayag. They were often resting on pebbles, rocks and bushes or thorn thickets. Their body colour was concealed by the surroundings.
Red-fronted Serin ( Fig. 5c ): A group of seven birds were seen around village areas in Harsil (2,700 m asl), foraging from fruiting trees and thistles in March 2014. A smaller flock was regularly sighted during winters around Uttarkashi area (1,300-1,500 m asl) feeding on berries in shrubs.
Himalayan Beautiful Rosefinch ( 
Discussion
Riverine habitats are important for birds globally, with around 60 specialist species recognised and up to 23% of all bird species utilising freshwaters, including rivers, for part or all of their life cycles (Buckton 1998 , Buckton and Ormerod 2002 , Ormerod and Tyler 1993 . The present study reveals that riverine areas along Himalayan headwaters hold a rich avian community with a representation from 64 families. This corroborates that riverine areas provide a range of habitats required for species belonging to different families. Qualitative field studies like ours can potentially provide the baseline data for ecological questions pertaining to the effects of habitat modification apart from understanding the basic ecology of individual species or communities. Natural habitats are undergoing rapid modification owing to multiple stressors and documenting information on wildlife residing in natural versus modified habitats can provide insight to management needs. Recognition of the riparian corridor as significant areas of maintaining regional biodiversity holds promise for issues related to watershed management. Alteration of river flow regimes is a global concern in terms of maintaining the integrity of these land-water ecotone habitats (Naiman et al. 1993) . Forests along headwater streams may be important habitats for many species. Unfortunately, in India, the location of most dams overlap with species-rich areas in the Himalaya (Pandit and Grumbine 2012 and River Lapwing (Vanellus duvaucelli) feed substantially from river production although they are found along inland waters as well. The studied bird community constituted a large number of terrestrial species (n=227) as well as waterdependent species (n=51). The bird community shows a predominance of species (n=30) from the Muscicapidae family probably owing to the fact that riparian areas produce higher numbers of insects (Gray 1993, Jackson and Fisher 1986 ) than surrounding habitats. In the present study, a good number (n=11) of IUCN Red-listed species were recorded (Table  2 ) (Praveen et al. 2017) . Understanding species habitat requirements is imperative in guiding management recommendations for conservation planning, as it may help to reduce the division often apparent between modellers and conservation practitioners. Observational field studies, like ours, lay the foundation for the same by documentaing species distribution for areas which lie outside protected areas. Shifts in the structure and function of many freshwater ecosystems are attributed to climatic changes leading to decreases in primary productivity and uncoupling of trophic linkages along with shifts in the composition of riverine communities. This renders these riverine ecosystems and dependent flora and fauna Table 2 .
List of IUCN red-listed species that were encountered during the survey period along the riverine areas of the Bhagirathi river.
vulnerable to ecological malfunctioning and ultimately biodiversity loss. Specifically in our study area, due to the development of the Tehri dam and Koteshwar hydropower plant, around 153 km (almost 71%) of river length has been affected. Bank-nesting species are vulnerable to loss of riparian habitat and nest flooding during sensitive periods of their annual cycles such as breeding (Chiu et al. 2008 , Chiu et al. 2013Roche et al. 2012 ). Riverine areas not only provide remnant habitats for many habitat specialists discussed above, but also provide corridors between otherwise isolated pockets of habitats. Conflicts between biodiversity conservation and ecosystem services provided by riverine areas may ultimately arise, with global freshwater resources likely to be further stressed due to increasing demand for water needed to sustain growing human populations and changing climate. As many riverine forest sites are bound to undergo irreversible changes, conservation efforts focused at a large spatial scale with considerations for natural fluvial geomorphic processes should be prioritised.
